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INTRODJjC,TION I I 1 L 

Cardiovascular disease is reported as the leading cause of death in the United States. /. .i __ I. ,-,;y 
About 30 milhon ,&n&cans suffer from heart or blood vessel disease,>and as many as 27 million ~~~~,‘~~~~~?~~~~~~~~~~~~~~:~ ,&.). ) j, ‘ .: ‘__ ‘ i _. from ‘high blood pressure. ’ i~.isuL;,~~~~;666 ;;e6~~~~~~~~~~~~~~~e and 1 go,ooo died of 

stroke and other vascular complications--a total of400 deaths per 100,000 people--and the .,,lr,L &I(;.-” 
number of deaths has increased since then. Cardiovascular disease accounts for 45 percent of all *xi _ .(.^ , .X(_ rr*.*~s”,,.v‘-.l ,.A w*;, 1x*.- **g<*.? ,,_. *<q*.:. ,, ,, _ ,.,, .,;“,.~y 
deaths in the United States. 

: 1, _,J_, ;,A, ;,,‘ -,:~, ‘;..‘--, 8;. 
A quarter of the people who have a heart attack die wit.h&kee _I ). _-_> 2. “,. ,s - \*, *. iv‘ 

hours of the first symptoms. Many experience sudden unexpected death and do not. evenreatih a 
hospital. Another 25 percent die within -the” fist. f&v weeks after a heart attaak, I Cardiovascular L .i.“ir;*“~i..i‘r .m .< .wi.**~‘“-&* ..e. dcejia.~ <*<*.l >,, ^-, 2 >a;,~ II 
disease is reported to cost the United States ‘$65 billionannually; more than $38 billion pf this 
cost is related to premature death (i.e., death before the age of 65). 

Some dietary factors play a major role in determining the blood. level of cholesterol, 
various lipoproteins, and triglycerides, which are considered major risk factors for cardiovascular 
disease. Some foods and individuaJ nutrients appear to have a protective role in cardioyas~ular ., I I . L ., a ;,. ‘A -z. _j_ j ,.’ ,I.‘*,- 
disease as well as in canner. , I __ , r. 

The fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid @HA) ‘are 
omega-3 fatty acids found in most cold:yater fish, such as tuna, salmon and mackerel, ‘fish oils 
such as unhydrogenated menhaden oil, and fish liver oils such as-cod liver oil, Theadequate 
consumption of this class of fatty’ acids normalizes the levels of blqpllipids such as : 
triglycerides, reduces the tendency for blood-clot formation, and stabilizes the he,artb.e$ against 
potentially fatal arrhythmias, especially under conditions of inadequate coronary blood- flow, 
such as during a heart attack. Fish oil rich in omega-3 fatty acids is recognized as having 
cardioprotective actions. 5’ 

The fatty acid alpha-linolenic acid (ALA) is an omega-3 fatty acid found in a few 
commonly available unprocessed oils, especially flax seed oil, canola oil, soybean oil, ‘and 
walnut oil and in other oils such as perilla oil. \ <,*‘l, .*;.:,. ,:i Refining such as deodorization and partial 
hydrogenation causes loss ofthe~omega-3 fatty acid &A, which can range from a minor loss to 
near total loss. When levels of this omega-3 fatty acid in the diet are not swamped by high levels . . . ‘,. ,, 2, _ ;_ . . . ,. 4 
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of the fatty acid linoleic acid (LA), an omega-6 fatty acid, i.e., the ratio of LA/ALA is not greater 
than 3.0, there is some conversion in the human from ALA to EPA and DHA, affording the body 4 .,w. ,.-,* /x SOme accumulation of EPA and DHA in t;e;-;;;g;~;$(;;.+-;; ;~;~z%;~~GL~;~&i~ &.&&< “~ ,_ 

_ .I.” ‘,A. . . 4 II .*1, /.< .i ii.~“‘~~U’.,. <b+*w. “*q#*.R”.. **(*+$,*~* , ,, ,-. ” _,( _ ” 
protection it offers, against platelet aggregation. Wlthout adequate ‘lZl??i” tid DHA in ” 
phospholipids, the modulating role of the derivative prostaglandins are not seen. i 

Omega-3 fatty acids are precursors to eicosanoids, e.g., prostaglandins and leu.&@enes. 
These eicosanoids,,rnodulate m_etabolic actions in~many tissues by their e.Bects on, e.g., tissue 
hormones a.ud prehormones, signal molecules, and receptors: “fiej;“&e&ponsible” for * _ 
maintenance of a clesirable,,ballce,of, e.g., endogenous vasoconstriction, activity of the tenin- 
angiotensin system, salt and water balance, peripheral sympathetic tone, cardiac output ‘tid 
baroreceptor settings; all functions in the body that are of critical importance to proper ’ 
maintenance of a. healthy cardiovascular system. 

Adequate consumption of omega-3 fatty acids may reduce the risk of coronary heart 
disease through a number of effects,,~nd~~iovac~~ &kfactors,‘especially related to reduction ‘_ ..*, ,“./ 1 , i*i’b*~-;rr. V^_ ,..,,, _ n 
of triglycerides, improvement of heartrate variability, and risk of fatal arrhythmias. Support for 
this statement may be found in the following review and evaluation of recent~scientific litera-ture, 
which includes a discussion of: 

), : j I ,. 4 I ,>s\.-.- ?,‘ ,,a, ), ,.il. _, ~” _.l _” ~ , 
I ;x. 6. ..l>,wl_;l >) _... “.“” .I _._” _/___ 1 

a) the competence and reliability of recent (1994present) science supporting the:claim; 

b) the level of&a&required to achieve,beneficial results and anticipated levels*,of . “.*I “_A .._, w VI. l,m,.‘i,. . *lA1_,.b-A”. a, .> 
omega-3 fatty acid consumption by use of a supplement ‘compared to the probable level needed 
when the nutrient. m%ay be consumed in a well-bal~anced,idiet; 

c) the safety of the nutriemat dose levels and consumption levels needed to produce the 
physiologic effect. 

:. 

In order to determine the extent to which the current scientific literature supports the 1,. a_ . . . <7__.,,*,, ~” .__ t‘/l<,m, a.“.=-,” A.,. 
claim that “consumption of omega-3 

‘ . .a.***.. I.% ..wzr* ii-~-~.~*‘<l~“,~~y?‘,., n.; .,*\ 4 ,,* L .“p&&&,c >;i<“L ‘: IL .a?&. _$I *“.*>” ,“+’ -4, I 
fatty acids may reduce the risk of coronary heart 

~ 

disease, w 168 published articles were .identi&di,from ~e&ne’for’the years 1994 to 1999 as .‘i .I 1-v ,‘ .\“,..~ Ibl “&,,_lr.+‘,( .** NI iii 
relevant to the topic. 

Of the 168 articles, 74 were reports of clinical treatments and.,cl&ical, trials ,(44 %), 16 
were reports of epidemiological studies ‘(9.5’%), 36 were review/tutorial articles, (21.4%), 28 
were reports of basic research in animal and/or~ cell culture mo”dels (16.7 %), 5 were letters to 
the editors (3 %I), 5 were articles in medical news leaks, -in; 4 were editorials (2.4%). 
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Of the reports identified by Medline as clinical treatments and @nical.trjals, 12 were 
published in 1999 (through September), 12 were published in 1998, 13 were published in 
1997, 13 were published in 1996, and 12 were published in 1995. On examination seyeral 
reports listed by Medline as clinical trials turned put to a@ually be review articles where the 
author included $im.r$w ‘reports ‘of clinical trials. In ezh,, Fase, the original publications from 
the trials were consulted. for verification of the information. ’ I. 

,_ ~ .>f .._, *, ,6,. L 1 c* _c x”~~~.~~*~,~-~~,. , in __ _, i- __ ,. ,,. . , _~. .j .- ^ i , _, ( 1_ __ .I,._ *. 

Review of selected, representative literature , 

Investigators of the i;-IS&*~$yn?jmg @i.$ jl999) concluded that treatment @h 1 
gram per day of n-3 PUFA in the form of ethyl esters of eicosapentaenoic acid and j 
docosahexaenoic acid (850-882 mg) “led to a clinically important and statistically significant 
benefit” of lowered.& risk of-the primary endpoint of a fatal cardiovascular event.” This ‘trial 
was reviewed for the- C~ardiovascular News Meeting Highlights of the 48” Scientific‘ Sessions 4.. ,_ _“-sll -, I .“‘ ,“,\..“,,, 
of the American College of Cardiology under the section on Preventive Cardiology -by -. ‘- 
Ferguson (1999). The summary st&d: “In patients aiith a recenthisiory of MI, diet&y 
supplementation with n-3 PUFA (1 g/day). , . seems to significantly reduce long-term cardiac 
events, total mortality, and sudden cardiovascular de@. ” : a 

In this review, which Medline lists ‘as a clinical trial publication, Harris (1995) gives 
an overview of the, history of lipid-altering effects of the n-3 PUFA, an evaluation of<low dose 
studies, a brief review of animal studies, and reports on two clinical intervention st+lres with ‘ _< _, j ,, 
n-3 PUFA and coronary heart disease, which were both prospective, randomized trials with 
hard endpoints, i.e., cardiac events, and mortality. The first trial, reported in 1989 ~(Harris’ 
reference 8) was called, DA&T, and used an intake of oily fish for the experimental group, 
which provided about 200 to 400 grams of fish a week and approximately 500 to 7QO;mg/day 
of eicosapentaenoic acid ar@docosahexaenoic acid. In the ensuing 2 years, those on-the fish ” ..a ,Ul w***. v^.%***. +.A’ .‘*“~,,‘rrlr _*- ty .**,,.\r,+,yS”,&&‘;?LI 
diet had 29 % fewer. deaths ., The second trial is Singh et al (1997), known as the Indian ii /_, &V,^, : _?A. ,, ,” i,l ,,“_(.,_ 
Experiment. In this, trial, approximately 360 patients who presented with myocardia$ 
infarction were randomized to 2 g of n-3 PUFA (6 capsules of Maxepa), 2.9 g of alpha- 
linolenic acid (20 g of mustard seed oil), or placebo. ,The patients were followed fort 12 
months with a significant reduction in new cardiag,,events. Harris concludes in summary that I._ll,n*_j .l,,L” ~.‘vs”x_e.,>, (/.A, m _x(. *A Is)* .‘ ,“*i*“, ~,~~~~~“:~-*~“~~,. * 
“there is extensive and consistent documentation of the ability of marine n-3 [PU]FA. to reduce 6.. I*-, I_/ .,*/ w.ar.,*. “(,.> _ rr-A,. /u,, rt”e-:l, -i”rlr.: ,r 
serum triglycerides levels in humans by 20-30% at doses of 3-4 g per day. n Harris had 
previously reviewed several earlier ,smdies ofthe ,impact of fish oil omega-3 on ’ ’ 
hypertriglyceridemia (see reviews section below, Harris 1996). 

Based on an evaluation of 82 male” children from age 7- 14 years, who were divided into ” _c.-“,.l_* .,,g, 
groups with and without risk fa?tors of c&iovasgplF pathology Kozycheva and Sleika (i.998) 
report a “correcting effect” by dietary omega-3 PUFA from rn@ge sogrqes on the composition . ,.I ,., ,I_,. 
of “erythrocyte fatty acid defects” at early stages of disease. This was especially obs&ked in the 
case of children who had rqyocardial infarction heredity. The authors conclude that ,ie)ary 

!  i 
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omega-3 PUFA can be used. for prevbntative treatment qf ~hi&@p wi$h cardiovascular disease ,( s, ~-k ~,e” ._,_ * _) ̂ . (._I ‘, c .,* ;“I #,, ..-i 
heredity. 

Pogozheva et al (1998) conducted a clinical trial to st@y levels of natural ar&odies 
against catecholaming: & 1%. patients with cardiovascular diseases. A comparative analysis of 
the influence of “antiatherosclerotic”di$s with omega-3 PUFA from both plant and animal “i : s “~ ir-xs-s, ,” ‘-*>‘ /i .n”.ax^“w,l, .+,. \ ~-+r*e* ~,pi*rp~-y&%*+&hp+ 
sources was z@e. The greatest “ immunocorrection e.ffe$’ ‘&+$ $@@I, vv&& &F, &et $-e ii_ ~ 
enriched with omega-3 PUFA freshwater fish fat. 

Heart rate variabiljty and omega-3 PUFA 

Decreased be@, rate variability (HRV) is associated with increasecl corqnary‘ Tortality ~-3.. * ,. ,‘..I,-* _^,^ 
due to sudden cardiac de@ (Christenseq JH et @ l!j99a), tid in fact, HRV is cotiigered “a 
powerful predictor of mortality and of arrythmic events in humans. ” . Findings from h nuinber- 
of clinical trials frqrn,sey$;al research facilities published between 1996 and 199.9 rep&ted on 
the beneficial effect ,bF@vcen dietary intake of omega-3 polyunsat&&d f&@ ‘%ds a”iiifm%? ’ \ ,‘,-<““. 
These research reports include: Christensen JH et $.@99& Cl&t&s& JH et al 19$Igb, 
Christensen JH et z1!,1999c, Christensen JH et. al 1998, Christensen p et al 1997a, ” 
Christensen JH et al 1997b. &representative sample of these trials are reviewed. 

Because there was &&ense for an anti-arrhythmic effect of n-3 polyunsaturated fatty .-.. _. ,. “,,“. .Iv-~,I_c - L_ 
acids (n-3 PUFA) in animals, Danish researchers decided to evaluate a possible be&&al anti- 
arrhythmic effect of consumption of the long-chained n-3 PUFA on hea@ rate var@i!ity. 
Several studies,,gere undertaken (Christensen Jfi et, al. 1999a). Three different groups of 
people were evaluated in these s@&es, and they included 1) patients with previous myocardial 
infarction (Christensen. et ,a1 1,99$; 1997, 1996), 2) p&ients ‘With chronic renal fail@& 
(Christensen JH e$,$ t-998), and 3) healthy volunteers (Chr@ti~men Jw et al l’999a). 1 
Additionally, Christensen JH et al (1999~) had validated the ‘r@&$%bf WV &d ii$k for 
sudden cardiac de@. I’he authors’ conclusion was tliat “ the ~e%.&~%%,&l”‘a ‘%&&%l effect . ‘“Z Ilk j “_/ _a~, ,I- _..I.. 5 li WA.Irn s jl;e, /< “,“U-,l.rj,,‘il,~,,-iii** .ri-~ -“* ?*,:..a. ~‘~%ni:&c*.-.r..: l,i,. ~>v?* ;h,b., ,+,.>,.& ^ , , ./ . 
of n-3 PUFA on l$RY .i.+ . . [these]. . .populations.. . [and that their]. . .data may explain @e 
findings from &her stridies, namely that a low occurrence of sudden cardiac dcafh + @served 
in subjects with and withoyt coronary heart disease who regularly eat fish.” 

Leaf et al (1999) have reviewed the recent st@ies ,@h&h,they report identified what is 
likely the major mechanism by which n-3 PUFA &x$$s its a@iarrbytbmic effect: Thiy report 
that PUFA stabilize the &#ri@ activity of isolated cardiac myocytes by inhibiting 
sarcolemmal ion channels; this then requires a strongkr electrical stim&s to e%it^‘~~ action . _^., ,.-.“l. 
potential resulting in a markedly prolonged refractory period. 

An intervention trial was,assesS,@i @.?z.,patients with a history of previous tifocardial 
infarction and-left v$z@icular dysfunction. The content of n-3 PVPP; b platelets was” -. . . ” 
monitored and was found to be closely associated with the patient’s fish-consuming habits. _I .L, 
This study reported that a significant positive correlation was observed between &he i-3 fatty 
acid docosahexaenoic acid and hc+-trate ~~siz&i~$y (Christensen et, al 1997a). 



The post-MI patients in the above study were randomly evaluated in the next study, 
which investigated the effect of supplementing dietary n-3 PUFA on ventricular arrhythmias 
and heart rate variability (HRV) in patients with a previous myocardiaf ~~arc~i~n.“~:a:~~~~le- 
blind, placebo-controlled study, patients were given 5.2 g per day of n-3 PUFA or placebo and 
HRV response was measured from a 24 hour Holter”,record,mg both at baseline and, following 
supplementation, at the end of12 ‘&e&s”. *‘The$$!ly showed sigmfican~y increased HI&V’ after 
n-3 PUFA compared to both baseline, ,values (p = 0.04) and to controls oi, =’ 0.01). ’ This was 
interpreted as supporting the hypothesis that n-3 PUFA may have an anti-arrhythmic effect in 
humans (Christensen et al 1997b) 

In a clinical trial published in the Amer~can~J~,uqE of Clinical Nutrition, Chriktensen 
JH et al (1999a) studied the dietary intake of capsules containing 6.6 g or 2.0 g per day of 
long-chain n-3 polyunsaturated fatty acids (PUFA) reesterified from fish oil. Function was 
determined by a 24 hour Holter recording in healthy volunteers; this double-blind s&.&y’ 
included both males and females. .a A%” ,, -s.” The researchers’ co@usion was. that the u . . .study showed a x “h “I .g ..,“,h,ii-~r~- ,el*ei”*i(: XA *‘.;>,r,(,* ,#b+ b ~?G &.e~~‘-,,& .* .,(__ ,; beneficial effect of n-3 puFA eon HRV in healthy m~~~s~~~~~~~~~~~~~~~~~~~c effect of ( 

> i_,_-*_~*.s‘“~,_“,, ,“_, ** ‘i,<# 
n-3 PUFA. n The effect was not seen in the women. ^-‘- ./ .“_. ,b m(.l‘“hl,**“,_ i, ..r*- ~--*lAe-^.x,n 0, >a+,/_ w,*. air ,“I._ ,._, b . ._ : ri.l”i,,I> -/_. ,.. ,,_., i, . -c-. 4 t /Y%/ “,, i, I ” / , 

Li et al (1999), evaluated thrombotic risk factors, m*vegetarian men who are l&okri to 
have higher platelet aggregability than omnivores. The authors concluded that, in this, study 
where the normal vegetarian diet ‘was supplemented with added :sources of ALA from i ~_,. 
vegetable oils such ,as ca.nola,~a@ linseed, there was a significant increase in EPA and DHA as’ ia.- ,_ *,,_ .* ‘I ,. 
well as an increase in t@e ratio of n-3 to n:6 ,PIJF,A&n platelet phospholipids and plasma lipids _“( ” x- _” ‘,_ 
in these subjects. s 

Singh et al (1997) (as reviewed below) compared the effects of both fish oils 
supplements and mustard, oil in patients with suspected acute myocardial infarction. In this 
randomized, placebo+ontrolled,,~trial, the effects of tre@rnent v&h fish oil (eicosapentaeboic acid, 
1.08 g/day) and mustard oil (alpha-linolenic acid, 2.9 g/day) were compared for 1 year. There 
were 122 patients treated with fish oil (group A), 120 patients treated with mustard oil (group B), 
and 118 patients treated v@h placebo (group C) all with suspected acute myocardial infarction 
(AMI). Treatments were started on average approximately 18 hours after the symptoms *of AMI ..*. ._i “,, .,.. .“..‘~./ 
brought them in for trea@ne~t,in al&hree groups. The extent of cardiac disease, rise in cardiac 
enzymes, and lipid peroxides were comparable among the groups at entry into the study. After 1 
year total cardiac e.~e~t~.weye~ssignificantly less in the fish oil..ndnq.tstqd oil,groups compared 
with the placebo group (24.5% and 28% vs. 34.7%, p < 0.01). Nonfatal infarctions were also 
significantly less in the fish oil .and,~,musta.n$ oil groups ‘compared with the placebo group (13 .O% 
and 15.0% vs. 25.4%, p < 0.05). There was no significant reduction of-total c,ardiak d&a& in the I _, ._a_ 41 
mustard oil group but the fish oil group had significantly less cardiac deaths compared $th the 
placebo group (11.4% vs. 22.0%; p < 0.05). 3 

In a multic+&s$dy, Archer et al (1998) have evaluated dietary intake of omega-3 
fatty acids related to hemostatic factors which are known to play an important role in,the . )“I __ _” ./) .).. “il.../,/ _ &,a. I.,. .“,Si_., 7Lil.“i>.Lz ~%ii,,L‘,. 
complications of ischemic heer$ and veSsel~disease:~~,~~tary fats such as omega-3 PU’I?A.have 
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been shown to possibly influence hemostatic factors. 1: ye noted t&$ mQ$ s&d~esy~potiing an 
inverse assoiia&$ bettie& cardiovascul& disease and fish ‘&d n-3 f&ti akid ‘&d&&ption have .” \ _i , ._ _(m.~ .., .“A / . , _(rv”..U/ ,_.dh ,*/a ,,‘*.__&a. ‘.,. ,“y “‘%;**bil, .I ..u*m be” >* ” “__ im.r,-n*ir*.,* 
used supplemental doses of fish oil br i@&q e;licegd$g the typical amount consumed bk the 
U.S. population. This report examined the associations.pf wpql i&&&of fish, linolenic’ acid, 
eicosapentaenoic acid, and docosahexaenoic acid with fibrinogen, fictdr VII, factor ?I$ and ~0% 
Willebrand factor in t&~ Corqn+ Artery Risk Development in Young Adults (CARI?!+) Study. 
The analyses were reported for 1672 black and @h&e men and. woqqn~aged 24 to 42 yesirs in 
1992 to 1993. After adjustment for age, body mass index, diabetes, number of cigarettes smoked 
per day, race, and energy and alcohol ConstipGon, no significbt &&ciati&ns Were obierved 
between those who consumed no $i~h‘~&&s~h&~ Gti< I&$is@&l>l!$ ‘bi&est ‘lk%I of dietary 
fish with respect to fibrinogen, factor VIII, or von Willebrand factor for any race-sex grbup. 
Comparisons of tertile 1 versus tei$le 3 ‘for dietq linolenic acid, eicosapentaenoic acid‘, and 
docosahexaenoic aq@ were also, $9: s$nificantly associated with fibrinogen, factor VII, ‘factor 
VIII, or von Willebrand factor foi any race-sex group. ?‘hese data were ihterpreted to &iigest that 
customary intakes of fish and n-3 fatty acids in pdpulations that geneially do not consur&&rge 
amounts of these food items are not associ.aTqd wi% fhese ~bernogs& @qtqr+ : 

EPIDEMIOLOGICqL.LI~~~.~ : . , ” 

-. Guallar et al (1999) studied the levels of omega-3 fatty acids in adipose tissue related 
to risk of myocardial infarction &s part of the EWC Stiay. Thiy found a ilight f 
protective effect of. alpha-linolenic’acid and no protective &ti&ct of do&&h&&i& a&d aid 
did not, ide@ify any eicosapentaenoic acid content.. s&e, there arti usu&jr”no elofiggted ” 
omega-3 fatty acids (omega-3 ‘PWA) stored% ‘adipdie, ‘because’ they tie basically &&&rane fatty acids, it is udikely that *ej..m&&‘& Gi” &&i j”& G-‘&h -~ni;ig-regar~.@ ye 

relationship between omega-3 PUFA and risk of myocardial infarction. ;_ ! i 

Kaminskas et @ (1999) compared abdominal adipose fatty acids from two pobulations 
with different qrdioyqcular xr&. ._ I.&mani~ . ..__I_. -“, men, who have f&r .t&es ‘higher CoioE he&t ._ EI-.j “- 
disease mortality than Swedish tieii, in spite of bi<rng low&r toti1 an& r]I)c &c&st!e$, We&& 
found to have significantly higher percentage of long-chain PUFA and lower percetigge of 
saturated fatty acids, especially %$iiist*ic ‘acid. S-hi&e t&I?Ul?A ‘ii~rin$lly wOuld be ‘fo&d’ in 
membrane.iissue \IrherG*&gy provide precursor to eic&an&ds, and the iaturates %uqd 
normally be found in the adipose, it could be that the ‘findings in this study hay be indicative 
of some lipid abnormality unrelated to the. long-chain PUFA specifically. 0 

Hu et al (1999) evaluated the risk of fatal ischemic heart disease (Im) among &omen as 
it was related to their dietary intake of alpha-linolenic acid. This prospective cohort g$dy with 
ten years of follow-up was reporti=d to support the hypothesis fhat a higher intake of alpha- 
linolenic acid- is protective against fatal ischemic heart disease (II-Q). Higher consump&on of 
foods such as oil-basgd s,al& d&sing that provide polyunsaturated fats, including al@@- 
linolenic acid, may play a role in the reduction of the risk of fatal IHD. 
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Aschereio et al (1996) examinedthe.associati~~“~~~~~~.fat,intake -and me incidence of 
coronary heart disease in a cohort of men of middle age and older as part of the heabm’. “V ” ” 8 ;~ ,* ,_.%V,~ (.. )( ,./u ,_ .” >,.:” 1 
professionals follow up study in the United States. The data did not”support the strong 
association between intake of saturated fat and risk of coronary heart disease suggested by _ . “i~.r..rc.rrr,“.r,..,“.i.x~.*~~Yi ilr,(,~~ri.r.‘i;iii-,~ii?3r’., ii.>,~i.. -.,,;.f:~.>,. * 
international comparisons, but it did support a specific preventive effect of linolenic ‘acid intake. 

REVIEWS 

Roche and Gjbney (1999) have reviewed studies which.used both short- and long-term 
supplementation of omega-3 fatty acids in amounts ranging from 1 g per day to 28’ g per day 
from fish oils. After evaluating the studies which sho\ived lowering of both fasting ana 1 _,,. _.>V,“(_“, I~)__ 
postprandial triglycerides, these researchers concluded that ,although ‘(L the precise biochemical 

’ nature of this effect remains to be established.. .reduction of postprandial plasma TG .- .iS./) .>,; _l,s”.“ll ,u. “,A. *me _). ,. ., _1 i-. .$.j -* -%mlrc‘a”..q*‘“+: &“~~:,: 
concentrations by n-3 PUFA may partly explain why n-3 PUFA intake,is inversely rebted to 
CHD mortality. 

Schmidt q@ Dyerberg (1999) have reviewed a number of trials and have concluded 
that a 1989 study provided G clinical evidence for a protective role. of n-3 PUEA in (2QD. ‘,’ 
They also note that the research (C,hristensen, 1.996) on heart rate variability showed a: benefit 
from n-3 PUFA. IIo.wever, in this review, the authors still call for increased trials for both ,I -- -” -.- -. 
fish and fish oil conce.nn&s, They note that many populations do not have fish intake that 
would provide 1 g/week of n-3 PUFA, and that, additionally, a some people dislike seafood.” ^ (I 

Connor and Cqnnqr (1997) ask the question “Are fish oils beneficial in the prevention 
and treatment of coronary artery disease?” Their answer is that the “n;j fatty acids of fish and 
fish oil have great potential for the prevention and treatment of patients with coronary artery 
disease.” They report that unlike many of.the pharrnaceutZ4 agents used to treat coronary artery 
disease that have just a single mechanism of action, the omega-3 PUPA of fish oil have: 
“multifaceted actions.” As noted by other researchers, one of the most ‘important effects. of ‘the 
omega-3 PUFA is the prevention of arrhythmias. The documentation” for this;effect h$si been 
derived from ~experiments in cultured myocytes, experiments in animals, epidemiologic 
correlations, and clinical trials. The, Connors note that the+“ability of these omega-3 PUPA to 
inhibit ventricular fibr$ation and consequent cardiac arrest is especially important. They discuss %_/,“a* ii,. S>L>~. in. I) 
several mechanism including the several antithrombotic actions, of EPA, particularly in ‘inhibiting 
the synthesis of thromb,oxane A2, the prostaglandin that causes platelet aggregation and 
vasoconstriction. Further they report that fish oil retards the growth of the atheroselero& plaque 
by inhibiting both cellular growth factors and the migration of monocytes. Also, omega-3 PUF’A 
is reported to promote the beneficial synthesis of nitric oxide in the endomelium, In experiments 
in humans, a profound hypolipidemic effect of fish oil, is seen, especially ‘tith regard to 
lowering of plasma triacylglycerol,‘ and inhibition of very-low-density lipoprotein production and 
apolipoprotein B synthesis. Fish oil is also s.aid, to have .a.,mild. b&o-d pressure-lowering effect in 
both normal and ‘mildly -hypertensive ind&%hials. The ‘&rrno)s ‘$tate :m.~the)r abstract that “these ,_.“_ ‘_” ..,( ,.$~ , 
composite effects suggest a prominent therapeutic role for fish oil in the prevention and treatment 
of coronary artery disease.” 
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Harris (1996, 1999) has reviewed several studies of>he,5.npact of fish oil omega-3 on “_ .; ,,” , 1 “” ‘/,,.. - 
hypertriglyceridemia. HP, notes that triglyceride lowering is, the most consistent effect of $$ry 
fish oils, having been observed in Greemand Eskimos a~$ subs,equently in controlled clinical 
trials. In thcseearly studies, total cholesterol levels .are not.allered, but there was a transient rise 
in LDL levels, especially in hypertriglyceridemic patients. In later studies ;which follo&d large -’ . numbers of patients from 6-9 months there was a persistence of the hypotriglyceridemic’effect as 
long as the fish oil ,tre@ment contmued, and these was evidence from the studies that, t$ LDL, 
raising effect may not persist. Further, Harris notes the, safety of fish oils was also supported in 
the studies because problems with, excessive bleeding and worsening glycemic control’cfid not 
materialize. E-Iowever, in one of the studies, dietary fish oil was reported to be ineffective in, 
slowing the rate of resten0si.s after coronary angioplasty. 

De Deckerg, et %I (199.8) reports on conclusions from an expert workshop which: reviewed 
the health effects of n-3 polyunsaturated fatty acids (PUFA). Among their conclusions $vere that 
1) consumption of fish may reduce the risk of coronary heart disease (CHD) and that pebple at 
risk for CHD>are therefore advised to eat fish once a week.. They noted&& the n-3 Pm&n fish, ./_ .‘ x r ̂  I*,(“” SI,__ ..I.. 1 __l\. + /dl *“,*,*d .li,X.& a,. ,c*“ll.rr**“s asa ‘.i~,,,~“~~“~l”,,‘.. ,:/. I, ” 
are probably the active agents in this effect. Therefore, people who do not eat flsh~sh’ou~d~ 
consider obtaining 200 mg of very long chain n-3 PUFA daily from other sources. They also felt 
there is-incomplete- but growing evidence that consumption cf the plant n-3 PUFA, alpha- 
linolenic acid, reduces the risk of CHD andcl,fhat -an intake of 2 . . . I -, ..,,~ ., i SC,> “I g/d or 1% of energy of Alpha- 
linolenic acid appears prudent. They further noted that the ratio of total n-3 over n-6 PI$& 
(linoleic acid) is not useful for characterizing foods or diets bec~u,&plant and marinen-r3 PUFA 
show different effects, and because a decrease in n-6 PIJFA intake &es,not, produce 8% same .’ * 
effects as an increase in n-3 PUFA intake. Separate recommendations for alpha-linolenic acid, ‘_ z . . “,. , ,. , . .,“. /,/~ .re.,. ,;-.A ,c/ ,e** 
marine n-3 PUFA an(t linoleic acid were preferred. I 

L/*,I . *, ,, *.*,y-, s.. 4_^,‘. /‘ 

An animal study by Nair et all (1999) found a~ response in the pig model that suggested 
a “possible role of nonesterified (n-3) polyunsaturated fatty acids mthe prevention ‘of .. ’ 
arrhythmias. ” 

> b 

Hishinuma T et al (1999) studied the effect of omega-3 PUFA on changes ofilipid 
profiles and prostacyclin production by cultured bovine aor&endothehial, cells :., ‘They report 
that their findings “suggest that EPA, docosapentaenoic acid, and DHA are m~erconverted to 
each other, and anti-aggregatory effects of EPA-or DHA may be partially due to the ’ 
stimulation of prostacyclin form&ion in endothelial cells.“, 1 i ’ 

Animal studies have co~$.med, ;he protective effect against ischemia-induced, fIata 
arrhythmias (Billman et al 1999). I. “. I ” . ,. . . ? 

Hartman (1995) has reviewed the results of a $year study’ of survivors of a first 
myocardial infarction, which reports the prevention of,secon&.ry coronary events as $ effect of 
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an alpha-linolenic acidlenriched diet (experimental) compared with the prudent diet of the ..^__. )( _, ‘, *“.u~ “C,l.” 
American Heart Associatio,n, (control). The data were from the dietary intervention study of de 
Lorgeril et al (1994). During an average of 27 months of follow+p, there were 5 nonfatal 
myocardial infarctions and 3 c.ardiztc,sdeaths,in the experimental group versus 17 nonfatal 
myocardial infarctions~ and 16 cardiac deaths in the control group. The overall mortality was 20 . . . . .^ al”.“. ” ..,. _a. ~.-r--r”--;,i,:--r”~iI -. .,. “i‘~.,;.“,~ 
in the control group and 8 in the experimental group. The interpretation of this study was that a 
diet enriched with alpha-linolenic acid appears to be effective in secondary prevention’ of ’ 
coronary events, but the actual trial had three dietary components being used concurrently; in 
addition to the increased ALA component, the second component was increased consumption of ‘,..*i;, 
fish, and the third component was that it was to be a “Mediterranean” d&t. , * 

Mantzioris et ,a1 1995 reports that increased concentrations of cellular eicosapentaenoic . \.x.. _, ,/” , , ,., .,. 
acid (EPA) have been shown to “be b.eneficial in coronary heart disease, hypertension, and . _ -, ..-, * I _/ ,_i_,“l * 
inflammatory disorders. Successful long-term strategies for increasing cellular EPA ’ 
concent&ons require an understanding of the relationships between cellular concentrations of 
EPA and dietary amounts of ALA, a precursor of ‘EPA, and dietary amounts of linoleic acid 
(LA), which can act as anantagonist of ALA conversion to EPA (and DHA). With .this dietary 
intervention trial, which studied healthy human volunteers and which incorporated ALA-rich 
vegetable oil (flaxseed oil) against a background diet low in LA, the researchers were able to 
examine these relat@@ips. Linear relationships were reported between dietary ALA and EPA in .,.._ ..__, __. 
plasma fractions and in ,celh&r phosphdlipids. By contrast’ there was no‘relationship observed 
between dietary LA and tissue concentrations .ofits‘metabolite, arachidonic acid (AA). There was ,-. *,* w . . ‘.__I 
an inverse relationship between dietary ALA and DHA concentrations in the phospholipids of 
plasma, neutrophils, mononuclear cells, and platelets. The results of this study indicated that 
increasing dietary ALA would elevate tissue EPA concentrations ina predictable manner. It was 
concluded that this insight could facilitate the rational planning of practical dietary strategies for 
the long-term elevation. of EPA concentrations in tissues. i , j i ; 

Santos et al,l!9?5, studied_the effects of dietary supplementation with fish on plasma fatty i I.,_ &,a “a,-.. .*.. ,n_/s_x*ij/l 
acid levels in 20, coronary heart disease patients who had suffered acute myocardial infarction. 
The study was divided into. tb”ee periods which included the term of hospital admission, after 8 
weeks on a special diet designed for patients with ischemic’heart disease, and after 4 weeks on an 
n-3 PUFA-supplemented diet in w&i& red-meat was replaced with lean and fatty fish. At the end “.. “.A%,, 1 ,.“., 
of each period, the subjects were given a 48-hour recall dietary questionnaire, to assess ’ 
compliance with the diet, and blood samples were collected for, the detemination of.plasma fatty 
acids. Stearic acid was significantly decreased after the fish diet, but fatty acids such’as 
palmitoleic and oleicacicl showed no significant changes throughout the study. At the end of the \ *“‘I I##.- ,... i _“*.-i 
4-week period when the fish diet wasconsumed there was a significant decrease in lmolemc acid , .,A** ,a* -i,rxl.71’,r:,.-~~~X*.~,,YI. ,, ,“i>, 
and the significant increase, in its long-chain derivatives EPA and DHJ.~m the plasma f&y acids, 
which was thought to show beneficial effectson coronary heart disease. 

Hop-o&s and Yeo (1999) have reviewed the epidemiological studies which have shown ,ilf_ a . . _“C1_ _. , 
a strong correlation between fis,i,conswption and reduction in sudden death from;lmyocardial 
infarction and the reduction is.approximately 50% with 200 mg a.day of’DHA from fish. ,. .,I..” )__ ) $ ..,, 



DHA is considered,..lre active component in fish. They note that not only does fish oil reduqe / ,. ~” .^ ,** 
triglycerides in the blood and decrease thrombosis, but it also prevents.car~.~~,.arrhythinias; ~ 6. i . .,/..La ,A ,w)_-,*~, -reed A” I‘_,sL~,*, .*-I”Ln*x*il(x*..jsx,,” 
They also suggest that the associat@n of DHA de@&@ ‘wim’depressionis 

.I^ L_I _x_. ;)j * _( 
the . (“, “ir*i.-,$i, B /_“_,i reasonfor the 

robust positive correlation between depression and myocardial infarction. Patients witi&.,. ,-* n..,.> k.,Q 
cardiovascular disease. are‘ often advised to adopt a low-fat diet with. a. high proportion of “/-h -* V..d‘,” 4”G.,~ ,. x*u.:, i;, 
carbohydrate, as are patients with Type II diabetes . However, a study with women Showed 
that this type of diet increased plasma triglycerides and the severity of Type II diabetes: and 
coronary heart disease. Both DHA and EPA are present in fatty fish (salmon, tuna, mackerel). _ . . 4 ,“a_# .“.,a _I rl “, “, “r, 
DHA is also present at low levels in meat and eggs. The shorter chain n3 faty acid,’ ALA, 
noted not to be converted very well to DHA in man. * 

CONVERSION OF &,A TO EPA ANI? DHA IN HUMANS I . . . ‘:‘ ,‘. ,; * jl, .,i‘, ,,, -j _h _ _I ~-:,:~;vi”“,~~~~~ ,“. _^ ,:“a;< ~,i... <.- ,, ,) x f,,.” I _.I I 

There was previously thought to be substantial conversion of ,the omega-3 fatty a&d .“. I_ _I, 
alpha-linolemc acid (ALA) to the elongated omega-3 fatty acids eicosapentaenoic acid (EPA) 
and docosahexaenoic acid @HA), which are found most ~,c$monly m&h*and’f?sh’bils.[ In fact, _,u .‘. 
Bordoni et al (1996) had reported a 90% conversion.qf,@A*to eior$gated for&ofn~3*~PUFA:” ’ 
Research reported in 1998 (G&s&), which measured the conversion of ALA labeled with .., “li - %,, j,P.*i lb A,, :c*+-. .~uIuy~..-lil .,r*,~.*.“~i~4, ,. _.. ‘ ., _ ,_ _,, 
radioisotopes, has shown that ths: conversion& adult humans is only approximately 6% to EPA I , ., I _*_dj / \ , .,* ., ~~~UFr,~~,C,,~~‘c,,~~“~ w* 
and 3.8% to.D,HA whenme background diet is high in saturated fat, but the conversion*i$ L . .,s, 
reduced 40 to $p% when the diet is rich in omega-6 PUFA. “l__l -<. . e/ .~,,#pl.?+.,.~ h ~.~.+-: (~ \A&< 1, -I I ‘.n Since the typical diet in the,United 
States is high in omega-6 PUFA, the level!‘o%EPA “and DHA that k&&e obtamed from ALA- ’ , ..I_ -\a, ,~A I ii * I ,..‘“.l”~r.‘ab”-i, .vel, s*., ” %1 e’“**l.,-\i ‘“@<So .,#ie^ i,;i 1.,,>, .$ I _~( ,~, ,~ ,/ 
rich vegetable oils through conversion in humans is not particularly high and are probably on the 
order of 3% conversion to EPA and less than 2% to DHA. *.I m 4 .._lj j.a ,i ̂  . In addition most of the vegetable oils .: “W a. i ~rrr)-sma*~>i”~* ii-s?.G, :--‘~~a,~~~a;~,~~?~~c~,,~~~,~,~,~~~, pa&*,f:~..~~~‘~&‘ _ I _. * / ; / _*, 
that have ALA only in their unprocessed form have had, the biologically avanabl”e’~A r&&lly’ ’ 
removed by partial hydrogenation or changed to a form that is not biologically available~ by 
refining such as deodorization,.and/or detiolorization. ,.” ,. .Ij ,‘,._.,, lx “. ,“. j/ _ ., ~_ ., I (“,_ : /\/,“_ 1 , 

Suzuki et a! (1997) measured the uptake into brain tissues of qmega-3 fatty acids from 
different sources,;-and provided an example of the extent to whish .A@.” may be bioavailable. 
The percentage of DHA fogd intheh-bram~was ranked in the following order: the salmcmoil ‘ -se. I”“..+~“.Iv~_ +““1 ._ ,.dLl/j’ ,, -5. ‘ “Z i’>-T. *4ll&.&d*I 
diet group > the sardine oil diet group > > the perilla oil diet group > > the 1ard’“and palm 
oil diet groups for the 30 day fee&g trial. When the animals w”@‘fejl purified fatty’“&&, 
the uptake was in the order, of the DHA diet group > > the eicosapenmenoic acid a$ alpha- 
linolenic acid diet groups for the 6,,day feeding trial. 

P 
* 

INSUMM,A?RY: _ 

From a review ?f the current sciemific liter.atum,onecan see that some of the mechanisms,, have been identified whereby om,giTf”F~~ .“&& fish oil*candde ,s~~~~~~‘i;~~~,~e‘~~~~~l” 2: ’ , 
xx ,\_” _I _ .,,, I;-,I_,xI,*..lq*_ .Y-- rc, -+*-I w .~~,~,,u,,,,~~~~.,~~“ii,,, _. ./ ( 

physiological and biochemical effects, which result in the. prevention of coronary heart .disease. 
At least three such mechanisms, i.e. triglyceride lowering, the raising of heart rate variibility, i 

. . 
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a n d  redu@ ion o f fa ta l  a r rhy thmias have  b e e n  wel l  s tudied.  In  th e , s tudies rev iewed, th e  a d e q u a te  , ._  _ ‘, ,A ,_  .,% a ” 
d ie tary  in take o f o m e g a - 3  P U F A , was  pr imar i ly  from  who le  f ish oils. 

In  conclus ion,  it is repor te d  in  pee r  rev iewed scientif ic l i terature th a t th e , d ie tary  in take o f 
a d e q u a te  a m o u n ts o f,o m e g a - 3  P U F A  has  b e e n ’shown  to : 1 )  dec rease  adverse ly  h igh  levels o f 
t r ig lycer ides (TG ) a n d  very low dens i ty l ipoprote ins (VLDL) , thus  decreas ing  th e  r isk o f 
coronary  hea r t d isease ; 2 )  increase hea r t ra te  variabi l i ty a n d  the reby  dec rease  th e  r isk o f e u d d e n  
d e a th  from  hea r t a ttack  thus , he lp ing  to  p reven t a  first hea r t a ttack; a n d  3)  he lp  p reven t second  
hea r t a ttack  in  ind iv iduals” w h o  have  susta ined a  first hea r t a ttack. ,sll . . <  ,i*.. I, ,+ * . , . . ,i , ,“>  /_ .. ,.X b _  ,“‘.*‘,i’ ,, : _  . <  $ .~  

T h e  levels o f o m e g a - 3  P U F A  in  th e  dai ly  d ie t n e e d e d  to  m a in& in  o p tim a l o m e @ :3  P U F A  
in  th e  t issues a n d  to  p rov ide  physio logica l ly  a n d  b iochemica l ly  b e n e fi& i’e ffec ts’are  ’ 
app rox ima tely  3  to  4  g /day  o f f ish oi l  o m e g a - 3 , b u t s o m e  studies have  repor te d  b e n e fits a t 1  
g /day  o m e g a - 3  P U F A . 

3  

, 

Leve ls  o f f ish requ i red  to  ach ieve  th e  3 -4  g /day  a re  m u c h  h igher  th a n  th e  levels typical ly 
c o n s u m e d  in  the -un i te d  S ta tes . N o t.al l  f ish have  su ff& ien tly h igh  levels o f fa t to  p rov ide  even  1  ., 
g /day  in  a  typical 1 0 0  g  serv ing.  

:$ ” . ‘Y ‘ .- ..^  .,^ _  -  .._  _ _  ..’ 

P lan t o m e g a - 3  ( A L A )  is var iab ly  conver te d  to  o m e g a - 3  P U F A  d e p e n d i n g  o n  bac‘;kground 
d ie t o f th e  indiv idual ;  a  backg round  d ie t h igh  in  sa tu ra te d  fa t is”n e e d e d  fo r  o p tim a l convers ion  
a n d  a  d ie t h igh  in  o m e g a - 6  l inole ic ac id  (LA)  decreases  convers ion  by  a b o u t 5 0 % . In  th e  Un i te d  
S ta tes  a n d  C a n a d a  and -o the r  pa r ts]o f th e  wor ld  th is  h igh  sa tu ra te d  fa t d ie t is d i scouraged  a n d  
usual ly  rep laced  with a  d ie t h igh  in  o m e g a - 6  L A . 

G IS S I cl iq ical  t@ l( l999):  lg/d o m e g a - 3  P U F A  long  te r m  con ta in ing  8 5 0 - 8 8 2  m g  E P A  
a n d  D H A  as  e thyl  es ters. 

Roche  a n d  G ibqqy  (1999)  rev iewed studies wh ich  used  b o th ”. shor t: a &  long- te r m  
s u p p l e m e n ta tio n  rang ing  from  1  g /d  o m e g a - 3  P U F A  (Roche-  a n d  C ibney  1996 )  to  2 8  g /d  o m e g a -  
3  P U F A  (Harr is  e t a l  1988 )  

Harr is  (1999)  rev iewed “low-dose” 3 :4  g /d  o m e g a - 3  P U F A  o n  ave rage , a n d  o the r  studies 
“u p  to  2 5  g /d  o m e g a - 3  P U F A  

Tinker  e t a l  (1999)  fe d  1 3 .2  g  f ish oi l  wh ich  con ta ined . 5 .2  g  o m e g a - 3  P U F A ,.$  a  cl in ical  
s tudy wh ich  repor te d  signif icant e ffec ts o n  lower ing  pos tp rand ia l  t r ig lycer ide a n d  l ipoprote in  1  * 
levels.  

(.. 2  I. . (, ” ,. ” 1 , ; 
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von Schacky et al (1999) fed 3 g/day of fish oil which contained 1.5 g omega13iPUFA 
for 2 1 months after, an initixl3, .m,ont& of 6 g/day of fish oil: -They reported modest eff&ts on 
coronary atherosc1erosi.s with fish oil treated patients having fewer cardiovascular even@ ,..‘, , . 

* ,, -, . _ & 
Nordoy et al (1998) fed 4 g/day of purrfled omega-3~PUFA.m @onjunction with ‘” ’ 

Simvastatin to patients with combined hyperlipidemia. They report that the &&bined treatment 
had a beneficial additive effect. . ,. i 

Sirtori et al (1997) fed (2.58’ g x 3) 7.74 g/d of EPA and DHA as ethyl ester for’2 months 
and then (1.72 g x 2) 3.44 g/d of EPA and DHA as ethyl ester for an additional 4 months. , ; 

LEVELS OF OMEGA-3 pIJ&$ m’FI@,, 

According to Connor and C&nor (1997) (Table 2 in AJ%N),“flsh having less than 0.5 g 
omega-3 PUFA/l 00 g edible portion are carp, catfish, Atlantic cod, Pticific cod, flounder, 
haddock, halibut, ocean perch, walleye pike, red snapper, sole sturgeon, swordfish, brook ‘trout, 
all crustaceans, New Zealand abalone, clam, octopus,‘scallop, squid. Fish having 0.5*to 1 g ” 
omega-3 PUFA/l 00 g edible portion are striped bass, Florida pompano, shark, rainbow” trout,. 
tuna, blue mussel, Pacific oyster. Fish having 1 to 1% g omega-3 PUFA/lOO g edibie portion are 
European^anchovy, carp, mullet, sable&h; all salmori. Fish having ‘1.5to 2 g ‘omega:3 r _ _. _. -.... x ._“_ . . . 
PUFA/lOO g edible portion are Atlantic herring; Pacific herring; lake trout. Fish having greater 
than 2 g omega-3 PUFA/lOO g edible portion are Atlantic mackerel (2.5) and sardines in sardine . I 
sil (3.3). __ .., _-. ., __.. _ .._ _._ ..I 

Although codfish is high in omega-3 PUFA, i.e., 42.86% for then Atlantic variety and 
33.33% for the Pacific variety, the levels of total fat are so low that more than 300 g /day of 
Atlantic codfish or more thy 500 g/day of Pacific codfish would be needed to provide’1 g/day of 
omega-3 PUFA. 

Flounder is a very popular fish in the U.S. It has 1 g of fat and 0.2 g of omega-3 PUFA 
per 100 g of fish. Therefore 500 g ofthis fish would be needed to provide 1 g of omega-PUFA. 
Haddock and- halibut are also popular fish which are low in fat-and thus require large’z$ou.nts to 
provide 1 g/day of omega-3 PUFA. For haddock the amount of fish would be 500 -g/day and for 
halibut the amount of,fish would,be 250 g/day. 

For fish such as herring, 62.5 g/day of the Atlantic variety would provide 1 g/day of 
omega-3 PUFA; for the Pacific variety 59 g/day would suffice. Because mackerel &relatively 
high in fat with moderate levels of omega-3 PUFA, 40 g/day oftms f$h would-provide 1 g/day 
of omega-3 PUFA and 100 g/day of the fish would provide 2.5 g/day of omega-3 PI@A. 
Mackerel is not a very popular fish in the U.S. Sardines packed in sardine oil provide 3.3 g 
omega-3 PUFA for 100 g, but the drained content of a’92 g &would provide 1.36 g omega-3 
PUFA. P : 

REGARDING SI$PA&.ATJZD IJISIJ OI‘L IN CApsQLES 
/ 

I 
% 



Omega-3 PUFA is most commonly available (usually in capsule form) from fish, liver oil 
(cod and shark), herring oil, menhaden oil, salmon oil, and tuna’oil. Capsules are usually 1 gram 
in size. The. amounts”ofEpand~~~~~~~~ depending on fish source, smce these fish‘bifs do not 
have identical fatty acid compositions, and also vary depending on any processing, e,g.,: 
distillation to concentrate individua! fatty acids. 

: __ 

Connor & Connor (1997) recommend up to 15 g/day fish oil. Connor and colleagues fed 
50 g fish oil in a 3000 kc,4 ,4et with no report of toxicity. 

Connor & Connor (1997) recommend dietary intake of omega-3 PUFA from fish and fish 
oil to prevent coronary disease in highly susceptible people and to treat patients with established 
coronary heart disease since the omega- PUFA “...greatly inhibit the atherosclerotic probess and 
coronary thrombosis by many actions...” 

Connor & Connor (1997) recommend that fish oils be used in addition to consumption of 
fish at a dose range between 6 and 15 g/day if intensive treatment of various forms of : 
hyperlipidemia as well as the production of an antithrombotic state is desired. Further for 
individuals who are unable to consume fish or shelifish, they advise the use of fish oil for 
primary prevention at levels of 2-3 g/d with ‘the higher doses being used‘ for secondary prevention 
and “the attainment of discrete endpoints of pi&G lipid and lipoprotein concentrations and 
platelet function.” 
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